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Abstract: 

The invention provides a method for thermally releasing an adherend, which 
comprises selectively releasing one or some of a plurality of substances adhered 
on a. thenrially releasable pressure-SjerisitiVe iadhesive sheet having a thermailly 
expandable la , . ' . / y f 

43a^-'^.•■• ■ : \- : : ■ V . 

yer containing therein themiorexpandable microspheres, by partly heating th0 
prebsure-sensitive adhesive sheet using a heating unit capable of pailiiy hbating; 
this .pressureTsensitive adhesive sheet. This thermally,: releasirig^rnethod ma)f . 
further involve a step of cutting the substance adhered to the pressure^^ 
adhesive sheet. In this occasiiori, the heating unit has a heating pprtioS of'^a;^ 
shape irf confomiity vvith the shape of the adherend td :bfe released , a[nd may bei; 
provided iin at lease one of thei^isi^e to which the a adhered arid the ; 

opposite side thereto of the pressure-sensitive adhesive sheet. 
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(54) Method for thermally releasing adherend and apparatus for thermally releasing adherend: 



(57) . The invention provides a method for thennally 
releasing an adherend, which comprises, selectively re- 
leaslngone orsomeof aplurality of sUbstahces iadhered 
on a thermally releasable pressure-sensitive adhesive 
sheet having a thennaliy expandable layer containing 
therein thermo-expandabje ' microspheres, by partly 
heating the pressure-sensitive adhesive sheet using a, 
heating unitcapableof partly heating, the pressure-sen-. 



sitlve adhesive sheet This thennal|y releasing methods 
may further involve a step of cutting the siibstahce adT 
. hered to the pressure-sensitive adhesive. sheet. In: this; v. 
occasion, the heating unit has a heatjng portion of -a 
shape In confomnlty with the shape of the adherend ^ 
be released, and may be 'provided on at lease one 
the side to which the adherend is adhered andithe qp- ".;r 
posite side thereto of the pressure-sensitive adhesiye j 
sheet. " ' ''. '^^'i'^-'- 
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Description 

Background of the Invention 

1 . Field of the Invention s 

[0001] The present invention relates to a method pf ' 
selectively releasing part of adherends by heating a 
themnally re leasable pressure-sensitive adhesive sheet 
having a thennailly; expandable layer containing therein- 
thenrio-^expandable microspheres, and an apparatus for; 
thennally releasing an adher^nd to be used for tfte .: 
method. ' 

2, Description of the Related Art H--'!^ 

[0002] Thermally releasable pressure-sensitive • ad- - - 
hesivesheets having a thennally expandable layer cpn-y 
taining therein thermo-expandable microspheres (for,:. ■ 
example, "Revalpha" and "Revaclean" (trade names) 20 
made by Nitto Denko Corporation) are being used in yj^^^ 
fous if ieids for various uses. This pressure-sensitive atdr^'V 
hesive sheet enables to adhere and fix a substance fbi^^^^ 
conducting a desired processin g and, afterthe process^ : , : 
ing, to release the adherend with easaby expanding:th^:> 25 
themio-expandalpie microspheres In the thennally 
pandabie layer through heating to decrease or vanishj^v 
adhesion force. ^fe' 
[0003] With the above-described pressure-sensitive J,;^ 
adhesive sheet, heating treatment is usually conducted;- v3o 
upon releasing the adherends frohn the sheet, all over;; 
the surface to which the substance is adhered to thereby . . 
release all oftheadherends atatime. Recently, howey-> :" * 
er, it has been increasingly demanded to release, upoh i^; 
thermal releasing, only one or some of a plurality of sub-;J: . 35 
stances adhered to the pressure-sensitive adheslye' , 
sheet and hold the rest of the adherehds in a state of 
being adhered to the sheet. ; ^l^^:* 

[0004] Specificaliy, for example, in a process of re- 
processing FPG (Flexible Printed Circuit) parts conj^ f o 
posed of a thin copper foil laminated with a pblyimidVg; 
film, there Is included a step of heating the pressure^^- - \ 
sensitive adhesive sheet, to which pieces of a sut)- v - 
stance having been cut in a state of being adhered arid: . 
fixed to the pressure-sensitive adhesive sheet are ad- 45 
hered, to traverse and separate part of the cut pieces of • 
the substance. In this step, it has been experienced that, ; ' 
by vibration caused upon the transverse and separation. > 
of part of the cut pieces, other remaining cut pieces suf-' 
fer deformation or release. Also, in a step of dicing a 50 
semiconductor wafer or a laminated condenser, there 
have been involved a problem that, upon releasing parts^ 
after the dicing step by heating a pressure-sensitive ad- 
hesive sheet carrying the parts, the whole parts are.un- ^ 
desirably released including those parts which are re- 55 
quired to be adhered, and a problem that positional de- 
viation (displacement) or release of the parts is caused 
due to vibration generated upon transverse and sepa; 




938 A1 2 

ration of the diced parts. 
Summary of the Invention 

[0005] Therefore, an object of the invention is to pro- 
vide a method of selectively releasing adherends,. which 
enables, upon themially releasing adherends from a 
thermally releasable pressure-rsensitive adhesive sheet 
fiaving a thermally expandable layer containing therein 
thermo-expandable microspheres by heating, to easily 
release only desired one orsQme'pf the adherends, with 
leaving other substances In a State of belrig adhered to 
the.pressure-sensltlve adhesive sheet, and an appara- 
tus for thennally releasing the adhered sulpjects. 
[0006] Another object, of the.inyention is to provide a 
method of selectively releasing adherends, which ena- 
bles, during processing of the adherends, to hold them* 
on a thennally releasable pressure-sensitive adhesive' 
sheet and, after tlie processing, to easily release only 
desired one or some of a plurality of the adherends with- 
out Clausing damages or positional deviation of the ad- 
herends, and an apparatus for thennally releasing the 
adherends. 

[0007] As a result of intensive investigations to attain . 
the above-described objects, the inventors have found 
that one or some of a plurality of substances adhered to^ 
a thermally releasable pressure-sensitive adhesive 
sheet can selectively be released by heating the pres- 
sure-sensitive adhesive sheet using a. heating unit ca-- 
pable of partly heating the pressure-sensitive adhesive 
sheet, thus having completed thie invention. : ^ 

[0008] That Is, the Invention provides a method for 
thennaiiy releasing an adherend or adherends, 'which 
comprises selectively releasing one or some of a plural^, 
ity of substances adhered on a thennally releasabia 
pressure-sensitive adhesive sheet having a thennally 
expandable layer containing therein thenno-expanda-: 
ble microspheres, by heating the pressure-sensrtlve ad- : 
hesive sheet using a heating unit capable of partly heat- ■ 
ing the pressure-sensitive adhesive sheet. In the above^. 
described method, it is possible to selectively release* 
the adherend by heating the portion to which the sub-; 
stance intended to be released is adhered using a heat^ 
ing unit having a heating portion of a shape in conformity 
with the shape of the adherend to be released. Also, in^ 
the above-described method, it is prefen-ed to heat from 
at lease one of the substance-adhered side and the op- 
posite side thereto of the pressure-sensitive adhesive 
sheet. 

[0009] The invention also provides a method for ther- 
mally releasing cut pieces of an adherend, which In- . 
volves: a step of cutting a substance adhered on a ther? 
malty releasable pressure-sensitive adhesive sheet 
having a thermally expandable layer containing therein 
thenno-expandable microspheres into a plurality of 
pieces; and a step of heating one or some of the plurality 
of cut pieces by a heating unit adapted for piartly heating 
the pressure-sensitive adhesive sheet to thereby selec- 
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lively release them. 

[0010] The invention further provides an apparatus for 
thermally releasing an adherend or adherends from a 
thermally rejeasable pressure-sensitive adhesive sheet 
having a thermally expandable layer containing themrio- 5 
expandable microspheres, which has afixing unitforflx^ 
ing the pressure-sensitive adhesive sheet and a heating 
unit for partly heatirig the pressure-sensitive adhesive 
sheet to selectively release one or some of a plurality of 
the adherends from the pressure-sensitive adhesive io 
sheet In this heatirig apparatus, the heating.unit may 
have a heating portion of a shape in conformity with thQ * 
shape of ah adhered subject to be released, and. the. 
heating unit having such heating portion is preferabjy.- 
provided at least on one of the substance-adhered side is 
and the opposite side thereto of the pressure^sensitive ; ' 
adhesive sheet. In this apparatus, the fixing unit for fix- . ^ 
ing the pressure-rsensitlve adhesive sheet and/or the 
heating unltfor partly heating the pressure-sensitive ad- 
hesive sheet may be movable in a horizontal direction 20 
and/or a vertical direction. 

[0011]' The Invention further provides an apparatus for 
themnally releasing cut pieces of an adherend from a- 
thermally releasable pressure-sensitive adhesive sheet 
having a thermally expandable layer containing thenno- 25 
expandable microspheres, which has afixing unitforflx-. . 
Ing the pressure-sensitive adhesive sheet; a cutting unit 
for cutting an adherend adhered on the pressure-sensi- / 
tive adhesive sheet; and a heating unltfor partly heating 
the pressure-sensitive adhesive sheet to selectively re-. 30 
lease one or some of a plurality of the adherends from ' ' ' 
the pressure-sensitive adhesive sheet. 

Brief Description of the Invention- 

[0012] Fig. 1 is an outline cross-sectional view show^ : 
Ing one example of the thermally releasable pressure^; ; 
sensitive adhesive sheet for use in the method of the V 
invention. ' • ••; : V 

[0013] Fig. 2 is an outline cross-sectional view show; ' 4p 
ing one example of the method of the invention for ther: \ 
maliy releasing an adherend and ari apparatus of the; \ 
Invention for themrtaliy releasing an adherend. 
[0014] Fig. 3 is an outline cross-sectional view show^ 
Ing another example of the method of the invention for 
thennally releasing an adherend and an apparatus of 
the invention for thermally releasing an adherend. 
[0015] Fig. 4 Is an outline cross-sectional view show- 
ing a further example of the method of the Invention for 
thermally releasing an adherend and an apparatus of 50 
the invention for thermally releasing an adherend. 
[0016] The reference numerals or signs used in tfie 
drawings are as set forth below. 

1 base material (i.e., backing) ss 

2 rubbery organic elastic layer 

3 thermally expandable pressure-sensitive adhe- 
sive layer 



4 separator 

5 themiaily releasable pressure-sensitive adhesive 

sheet 

6 thennally expandable pressure-sensitive adhe- 
sive layer 

6a non-expanded portion 
6b expanded portion 

7 adherend 

7a adherend to be released (diced piece) 

8 heating unit 

8a heating portion 

9 fixing unit 

10 base material (i.e., backing) 

1 1 suction nozzle 

12 adhesive layer for fixing to a pedestal 

13 pedestal 

Detailed Description of the Invention 

[0017] A mode for carrying out the invention Is de- 
scribed in detail by reference to drawings as required. 
Fig. i is an outline cross-sectional view showing one ex-, 
ample of a themnally releasable pressure-sensitive ad-., 
hesive sheet to be used in the method of the invention. 
In the pressure-sensitive adhesive sheet shown In Fig. 
1, a themnally expandable pressure-sensitive adhesive; 
layer 3 Is provided on one side of a supporting base ma-! 
terial (backing) 1 via a rubbery organic elastic layer 2, 
and a separator 4 is further laminated thereon. 
[0018] The base material (backing) 1 functions as.a. 
supportforthe themnally expandable pressure-sensitive 
adhesive layer 3 and the like, and is generally a plastic 
film or sheet. However, proper thin materials such as 
paper, cloth, unwoven cloth or metal foil,- or a laminate- 
thereof and a plastic, or a laminate of plastic films (or 
sheets) may also be used. The thickness of the base 
material 1 is generally 500 um or less, preferably about ■ 
5 to about 250 um, though not limited to them. The su^; 
face of the base material 1 may have been subjected to - 
a common surface treatment such as a treatment with !. 
chromic acid, an ozone exposure treatment, a flame ex- - 
posure treatment, a high-voltage electric shock expo-; 
sure treatment or an lonlzating radiation treatment in or- 
der to enhance adhesion to an adjacent layer (in this 
case, the rubbery organic elastic layer 2) or may have 
been subjected to a release treatment. 
[0019] The rubbery organic elastic layer 2 functions, 
upon adhering the pressure-sensitive adhesive sheet to 
a substance to be adhered thereto, to make the surface 
of the pressure-sensitive adhesive sheet well follow the 
surface shape of the substance to be adhered thereto 
and Increase the area of adhesion and functions, upon . 
thermally releasing the pressure-sensitive adhesive 
sheet from the adherend, to reduce restriction of foarn- 
ing or expansion of the thermally expandable layer in 
the direction of the surface of pressure-sensitive adhe- 
sive sheet to help formation of a wave structure due to 
three-dimensional structural change of the thermally ex- 
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pandable layer. 

[0020] In order to exhibit the above-described func- 
tions, the rubbery organic elastic layer 2 is fomried pref- 
erably by, for example, a natural rubber, a synthetic rub- 
ber or a synthetic resin having^some rubber elasticity, 
which has a D type Shore hardness based on ASTIVI'D- 
2240 of 50 or less, preferably 40 or less. 
£0021] As the synthetic rubber or the synthetic resin 
having sonne- rubber elasticity, there are illustrated, for 
example, synthetic rubbers such as a nitrile-based rub-; , 
ber, a dienerbased rubber and an acrylic-based rubber; 
and synthetic resins having some njbber elasticity such 
as ethylene-vinyl acetate copolymer, polyurethane,. 
polybutadiene and soft polyvinyl chloride. Additionally, > 
essentially hard polymers such as polyvinyl chloride c^h ■ 
acquire some rubber elasticity when compounded with ^ 
a component such as a plasticizer or a softening agent;; 
Such compounded resins can also be. used as a constit- 
uent of the rubbery organic' elastic layer. 
[0022] Also, the rubbery organic. elastic layer 2 m^y 
be fonned by conventional or known pressure-sensitive ' 
adheslves based on a rubbery material or a resin. As. 
such pressure-sensitive adhesives, there are illustrated, ; 
for example, rubber-based press ure-sensitiye adhe? - 
sives, acrylic-based pressure-sensitive adhesives, sty- 
rene-conjugated diene block copolymer-based pres-" 
sure-sensitive adhesives. In addition, pressure-sensi-' 
tive adhesives having creep characteristics improved by 
compounding with a heat-meltable resin having a melt-, 
ing point of about 200 "C or lower may also.be usedj^ 
The pressure-sensitive adhesive may contain, In addK 
tion to a tacky component (base polymer), proper addl- ' 
fives such as a cross-linking agent (for example, a poly-.' ' 
urethane-based cross-linking agent or an alkyi ether-.' 
ified melamine-based cross-linking agent), a tackifier.. 
(for example, a rosin derivative resin, a polyterpene res^ 
in, a petroleum resin or an oil-soluble phenolic resin), a- 
plasticizer, a filler, an aging inhibitor, etc. 
[0023] As the pressure-sensitive adhesives, there;; 
maybe used, more specifically, rubber-based pressure- 
sensitive adhesives containing a natural rubber or varl-'^ 
ous synthetic mbbers as base polymer; and acrylic- 
based pressure-sensitive adhesives containing, as a, 
base polymer, an acrylic-based polymer (homopolymer 
or copolymer) using one or more alkyI (meth)acrylates 
(e.g., esters containing alky! moiety, such as me- 
thyl ester, ethyl ester, propyl ester, isopropyl ester, butyl 
ester, 2-ethylhexyl ester, Iso-octyl ester, isononyl ester, 
isodecyl ester, dodecyl ester, tridecyi ester, pentadecyl 
ester, hexadecyl ester, heptadecyl ester, octadecyl es- 
ter, nonadecyl ester and elcosyl ester) as monomer 
components. 

[0024] Additionally, the acrylic-based polymer may 
contain, as required, units corresponding to other mon- 
omer components copoiymerizable with the alkyl (meth) 
acrylate for the purpose of Improving cohesive force, 
heat resistance and cross-linking properties. As such- 
monomer components, there are illustrated, for exam- 



ple, carboxy I group-containing monomers such as acryl- 
ic acid, methacrylic acid and ftaconic acid; hydroxy! " 
group-containing monomers such as hydroxyethyl 
(meth) acrylate and hydroxypropyl (meth) acrylate; (N- 
5 substituted)amide monomers such as N-methylo! 
(meth)acrylamide; vinyl monomers such as vinyl ace- 
tate, styrene, a-methylstyrene and vinyl ether; cy- 
anoacrylate monomers such as acryionitrlle and math; 
acrylonitrile; epoxy group-containing acrylic monomers; 
10 such as glycidyl (meth)acrylate; and olefmic monornerB. 
such as Isoprene, butadiene arid ispbutylene. These 
monomer components may be used Independently or In 
combination ottwo or more. , 7 

[0025] The thickness of the rubbery organic elastic 
ip layer 2 is generally from about 5 to about 300 p.m , pref^ 
erably from about 20 to about 150 jim. In case where 
.: the thickness of the rubbery organic elastic layer 2 Is too : 
. thin, three-dimensional structural change can not be. 
caused upon thennal expansion of the themially ex^' 
20 pandable layer, thus releasing properties being liable to 
be deteriorated. 

[0026] The rubbery organic elastic layer 2 may be, 
formed by a proper method, for exarriple, a method of 
coating on the base material 1 a coating solution cori- 
25 taining elastic layer-fomning materials such as the nat^ 
ural rubber, synthetic rubber or synthetic resin having ^ 
rubber elasticity, an adhesive, etc. (coating method) „a_ 
method of bonding a film composed of the elastic layer-V 
forrning materials or a laminated film previously pre-.. 
30 paredby fomning a layer composed of the elastic layef-v 
' fomiing materials on one or more of the thennally ex^ 
pandable pressure-sensitive adhesive layer 3 to the 
base material 1 (dry lamination method), or a method of • 
co-extruding a resin composition containing the constit- 
35 uents of the base material 1 and a resin composition . 
containing the elastic layer-fomning materials (co-extrii- ^ 
slon method). The rubbery organic elastic layer 2 may; 
be a single layer or rjiay be constituted by two or niore , 
layers. Additionally, the mbbery organic elastic layer 2 
j40 may not necessarily be provided but, since it serves to 
enhance the ability of fixing an adherend upon process- . 
ing and releasing properties after processing, it is pre^' 
ferred to provide the elastic layer 2. 
[0027] The themially expandable pressure-sensitive * 
45 adhesive layer 3 contains a pressure-sensitive adhesive 
for Imparting tackiness and contains thenno-expanda- 
ble microspheres for imparting themially expandable 
properties. Therefore, a substance to be processed Is 
securely fixed upon being subjected to desired process- 
50 Ing In a state of being adhered and fixed to the pressure- 
sensitive adhesive sheet, and thus processing can be 
conducted smoothly and, afterthe processing, the proc- 
essed substance can easily be released from the pres- 
sure-sensitive adhesive sheet by heating the thermally 
55 expandable pressure-sensitive adhesive layer 3 to foam 
and/or expand the themno-expandable microspheres 
whereby the contact area between the thermally ex- 
pandable pressure-sensitive adhesive sheet 3 and the 
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adherend is reduced, and adhesion therebetween is al- 
so reduced. 

[0028] As the pressure-sensitive adhesive forforming 
the themnally expandable pressure-sensitive adhesive 
layer 3, there are used conventional or known pressure- 5 
sensitive adhesives containing as a base a rubbery ma- 
terial or a resin permitting the thermo-expandable mi- 
crospheres to foam and/or expand upon heating, pref- 
erably those which restrict f canning and/or expansion of 
the themno-expandable microspheres as little aspossi- ip 
ble. As such pressure-sensitive adhesive, there are il- 
lustrated, for example; those pressure-sensitive adhe- 
sives which have been illustrated with respect to the rub- 
bery organic elastic layer. Additionally, In the thennally; 
expandable pressure^sensitlve adhesive . layer Z tor {5 
strongly adhering a substance (substance to be proc- 
essed) before processing, those pressure-sensitive ad-; ' 
heslves are more preferred, In view of balance In reduc- 
tion of adhesion force between before and after the 
heating treatment, which contain as a base a polyhier 20 
having a dynamic elastic modulus of 5,000 to 1 ,000,000 
Pa at ordinary temperature to 1 SO^C. 
[0029] As the themio-expandable microspheres, ml- ^ 
crobaloons each having encapsulated in Its elastic shell 
a material capable of easily gasified to expand upon be- „ ^5 
ing heated such as isobutane, propane or pentane suf- .. . 
fice. The shell Is formed, in many cases, by a heat-melt- 
able material or a material which can be broken by ther- 
mal expansion. As the material for fomriing the shell, 
there are illustrated, for example, vinylidene chloride- ..30 
acrylonltrile copolymer, polyvinyl alcohol, polyvinyl bu- .. 
tyral, polymethyl methacrylate, poiyacrylonitrlie, polyvl:. 
nylidene chloride and polysulfone. The thermo-expahd-" , 
able microspheres can be produced In a conventional 
manner by, for example, a coacervation process or a 35 
interfacial polymerization process. Additionally, as tiie ■ 
themno-expandable microspheres, there are commer- 
cially available ones such as Microsphere (trade name; 
made by Matsumoto Yushi Seiyaku K.K.). 
[0030] In order to effectively reduce adhesion force of , 40 
the thermally expandable layer by the heating treat- 
ment, those thenno-expandable microspheres are pre^ 
ferred which have a suitable strength not to be burst till ; 
the volume of the microbaloon becomes 5 times or 
more, particularly 1 0 times or more, as much as that of 45 
the original microbaloon. 

[0031] The amount of the thenno-expandable micro- 
spheres to be compounded can properly be decided de- 
pending upon the degree of expansion (foaming) of the 
thennally expandable pressure-sensitive adhesive lay- so 
er 3 or the degree of reduction in adhesion force but, in 
general, It ranges from, for example, 1 to 150 parts by 
weight, preferably 25 to 100 parts by weight,, per 100 
parts by weight of a base polymer for forming the ther- 
mally expandable pressure-sensitive adhesive layer 3; ss 
The thermo-expandable microspheres are preferably 
classified to make the particle size of the microbaloons 
uniform before use. 
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[0032] The thickness of the thennally expandable 
pressure-sensitive adhesive layers is, for example, 5 to 
300 ^m, preferably about 20 to about 1 50 ^im. The thick- 
ness of the thermal ly expandable pressure-sensitive ad- 
hesive Iayer3 is preferably more than the maximum par- 
ticle size of the thenno-expandable microspheres con- 
tained therein. In case where the thickness of the ther^ 
maily expandable pressure-sensitive adhesive layer 3 
Is too small, surface smoothness of the layer is spoiled 
due to unevenness fonned by the thenno-expandable 
microspheres, and adhesion force before heating is l|a- 
ble to be decreased. Oh the other hand, In case where 
the thennally expandable pressure-sensitive adhesive 
layer is too thick, there might arise cohesive failure after 
expansion orfpaming of the therrnaily expandable pres: ; 
sure-sensitive adhesive layer 3, leading to remaining of , 
the adhesive on the released substance. 
[0033] The thennally expandable pressure-sensitive 
adhesive layer 3 can be formed in a conventional nian- . 
ner by, for example, a method of preparing a coating 
solution containing a pressure^sensltive adhesive and 
thenno-expandable microspheres using, as needed, a 
solvent, followed by coating the solution on a mbbery 
organic elastic layer 2, or a method of coating the above- 
described coating solution on a suitable separator (re-, 
lease paper, or the (Ike) to fonn a thennally expandable , 
pressure-sensitive adhesive layer, followed by transfeirT 
ring It onto the rubbery organic elastic Iayer2. The . ther- 
mally expandable pressure-sensitive adhesive layer^S 
may be a single layer or a plurality of layers. 
[0034] As the separator 4, there may be used conven- . 
tionai release paper orthe like. The separator 4 is used 
as a protective member for the thennally expandable ; 
pressure-sensitive adhesive layer 3, and Is peeled off 
upon adhering the pressure-sensitive adhesive sheet to, 
an adherend. The separator 4 may not necessarily be 
provided, 

[0035] Additionally, the thermally expandable pres-- 
sure-sensitive adhesive layer 3 may be fonned not only, 
on one side of the base material 1 but on both sides as 
well. Also, the rubbery organic elastic layer 2 may be 
provided either on one side or on both sides of the base 
material 1 . Further, It Is possible to provide the thennally 
expandable pressure-sensitive adhesive layer 3 (or, fur- 
ther, the rubbery organic elastic layer) on one side of thie 
base material, and a common adhesive layer not con- 
taining the thenno-expandable microspheres on the 
other side. Additionally, an intemnediate layer such as 
an undercoating layer or an adhesive layer may be pro- 
vided between the base material 1 and the rubbery or- 
ganic elastic layer 2 or between the rubbery organic 
elastic layer 2 and the thennally expandable pressure- 
sensitive adhesive layer 3. 

[0036] In addition, the thennally expandable pres- 
sure-sensitive adhesive layer 3 may be divided into a 
thennally expandable layer containing thermo-expand- 
able microspheres and a pressure-sensitive adhesive 
layer containing a pressure-sensitive adhesive. 
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[0037] Fig. 2 is an outline cross-sectional view show- . 
Ing one example of the method of the invention for ther- 
mally releasing an adherend and an apparatus of the 
invention for themrially releasing an adherend. In the ' 
thennally releasing method of the invention, one or ^ 
some of a plurality of adherends adhered to a thermally 
rejeasable pressure-sensitive adhesive sheet are selec- 
tively released by partly heating the pressure-sensitive - 
adhesive sheet. . " ? 

[0038] !n Rg. 2 is shown a step wherein a plurality of to 
substances T are adhered to the themially releasable ' 
pressure-sensitive adhesive sheet 5 fixed by a fixing: ^ 
unit, a heating unit 8 having a heating portion 8a of ia; ; 
shape in confomfiity with the shape of the adherend 7a . 
to be released is provided, and the pressure^serisitive;- is 
adhesive sheet is heated at the portion to which the ad^ 
herend 7a to be released Is adhered. As the thennally 
releasabie pi-essure-sensltjve adhesive sheet, the 
aforementioned ones may be used. 
[0039] The adherend 7 is not particularly limited and 20 
may be any subistance yvhich is to be subjected to vari;;-/; 
ous processings in a state of being adhered and fixed, ' . 
to the pressure-sensitive adhesive sheet. Typical exam: ;•. : 
pfes thereof include electronic parts having a silicon wav Y 
fer as a substrate (board). ■ 
[0040] As the heating unit, any one may be used with : 
no limitation that can sufficiently heat the thermally re- 
leasable pressure-sensitive adhesive sheet. For exarh- 
ple, there may be employed an electrothermal heater;;. ;. . 
dielectric heating; magnetic heating; and heating witii Vsp 
electromagnetic radiations such as infrared radiatioris ; 
(e.g., near-infrared radiation, middle-Infrared radiation , 
and far-infrared radiation)! Heating may be conducted; • 
either directly or indirectly. - ' 

[0041 ] As a material for the heating portion 8a, a prop-.- 35 
er one may be selected depending upon the heating : 
manner In the case of, for example, using an electro-; ; 
thermal heater as the heating unit, the heating portion ! 
8 a may be constituted by both a material having a high :, 
thermal conductivity such as a metal and a heat insula^ • 40 
tor such as asbestos. In addition, In order to improve 
adhesion between the heating portion and the adher- ' 
end, an elastic material such as rubber may be used in ; 
combination. When the heating portion 8a is constituted :i 
by a combination of an elastic material (heat conductive - 45 
elastic material) such as rubber, a metal material and a 
heat insulator, the thermally releasabie pressure-sensi- 
tive adhesive sheet can be expanded more rapidly, with 
the adherend being separated in a shorter time. 
[0042] Shape and size of the heating portion 8a are so 
properly designed depending upon the shape of the ad- 
herend 7a to be released. When the adhered portion is 
heated by using the heating portion 8a of a shape in con- 
formity with the shape of the adherend 7a to be re: 
leased, the pressure-sensitive adhesive sheet expands ss 
at the heatedportion (expanded portion 6b) from the 
state before heating (unexpended portion 6a), and only 
one or some of a plurality of the adherends lose adhe- 



sion force, thus adherend 7a to be released being able 
to be selectively released. 

[0043] As the heating unit 8, a heating unit having the 
heating portion 8a is used. : ' 

[0044] The timef or heating by the heating unit B varies 
depending upon properties of the adherend 7 and the 
heating unit and can not be specified in a general man- 
ner However, heating for a too long time would cause 
portions not intended to be released to be. released 4s-, 
wejl due to conduction of heat from the heated pressure^ : 
sensitive adhesive sheet 5 and the adherend 7, thus' 
care being required. -l^f^ 
[0045] The thennally releasabie pressure-sensitive;- 
adhesive sheet is fixed by a fixing unit. As a fixing sys;r: 
tern, there are no limitations as long as positional devi- 
ation is not caused between the adhered sheet and the^ 
pressure-sensitive adiiesive sheet during processing or 
upon releasing. For example, there may be employed a 
fixing system using a ring frame, a fixing system usirig ; 
a pedestal and a fixing system utilizing vacuum suction. 
[0046] In the above-described example, the pressur^-;^ 
sensitive adhesive sheet 5 is heated by using a heating.;^ 
portion of a shape in confonnity with the shape of the;f 
adherend 7a to be released, and hence the adhered poT^:J^ 
tion of the adherend 7a is selectively heated to cau^0 
the thenno-expandable microspheres in the therm^ljyR 
expandable layerto expand (expanded portion 6b),thus 7 
adhesion force being decreased or vanished so much- , 
that the adherend .7a adhered to the heated portion^of : 
the sheet 5 is released. On the other hand, the pressure^ .; 
sensitive adhesive sheet Is not heated at areas spaced 7 
from the heating unit 8, and hence it does not undergo . 
a decrease in adhesion force due to expansion of the- : 
thenno-expandable microspheres (non-expanded por; ■ 
tion 6a), thus the substance 7 adhered to the portion of; 
the pressure-sensitive adhesive sheet 5 remains to be 
adhered to the sheets, thus, according to the Invention, 
it is possible to selectively release an adherend located.: 
at only a desired position among a plurality of adherends . - 
through a simple operation. -7 
[0047] Additionally, tlie heating unit 8 can be provided - 
on at least one of the side to which the adherend is ad- 
hered and the opposite side thereto of the pressure-sen- 
sitive adhesive sheet. 

[0048] Fig 3. is an outline cross-sectional view show- 
ing another example of the method of the invention foV 
thennally releasing an adherend and an apparatus for 
thennally releasing an adherend. 
[0049] In Fig. 3 is shown a step wherein an adherend 
7 adhered to a thennally releasabie pressure-sensitive' , 
adhesive sheet constituted by a base material 1 0 and a 
thermally expandable pressure-sensitive adhesive lay- 
er 6 is cut into a plurality of pieces by a cutting unit, the 
pressure-sensitive adhesive sheet is partly heated by "a 
heating unit 8 at a portion to which a cut piece 7a to be 
released is adhered among a plurality of the cut pieces, 
and the cut piece 7a is released and recovered by 
means of a suction nozzle 11. The pressure-sensitive 
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adhesive sheet is fixed by adhering a fixing unit 9 to the 
pressure-sensitive adhesive layer constituting the pres- 
sure-sensitive adhesive sheet, in addition, the heating 
unit 8 is provided mpvabiy ip the horizontal direction;, 
and/or the vertical direction. 

[0050] As the base material 1 0 and the thennaliy ex- 
pandable pressure-sensitive adhesive layer 6 constitut- 
ing the themnaliy releasable pressure-sensitive adhe-^ 
sive sheet, those.having heretofore been described may - 
be used. Additionally, a rubbery organic elastic lay^r 
may be provided between the basis material 10 and the 
thennaliy expandable pressure-sensitive adhesive lay- 
er 6. ' , :' 
[0051] As the cutting unit, a proper one may be se- 
lected depending upon the-kind of the adherend 7. Fop is 
example, in the case of using as the adherend an elec- 
tronic part having a substrate of silicon wafer, it is pos-' .'. 
sible to subject the part adhered to and fixed on the therr ; 
mally releasable pressure^sensitive adhesive sheet'to . 
a cutting processing such as dicing processing. . 
[0052]' As the heating unit 8, the aforesaid heating unit 
may be utilized. 

[0053] As the fixing unit 9, a proper one maybe select- • 
ed depending upon the fixing system. In the above-de- 
scribed example, there is employed a fixing system us- 25 
ing a ring frame (fixing ring). 

[0054] The heating portion 8a of the heating unit 8 Is 
made In confomiity with the shape of the cut piece 7a • 
to be released. The heating unit 8 can be provided on 
at least one of the side to which the adherend is adhered so 
and the opposite side thereto of the pressure-sensitive ^ 
adhesive sheet. 

[0055] In the above-described example, the themnaily' r 
releasable pressure-sensitive adhesive sheet isfixed by- -1 
theflxing unit 9, the adherend 7 adhered to thepressure- ! .35 
sensitive adhesive sheet is cut by a cutting unit, and thel 
pressure-sensitive adhesive sheet is heated by using a 
heating portion 8a of a shape in confonnlty with the 
shape of the cut piece 7a to be released, and hence the ^ 
adhered portion of the cut piece 7a is selectively heated 
to cause the thermo-expandable microspheres in the 
thennally expandable layer to expand (expanded por: 
tion 6b), thus adhesion force being decreased or van-.^ 
ished so much that the adherend 7a adhered to the heat- 
ed portion of the pressure-sensitive adhesive sheet Is . ^5 
released. On the other hand, the pressure-sensitive ad- 
hesive sheet is not heated at areas spaced from the 
heating unit 8, and hence It does not undergo a de- 
crease in adhesion force due to expansion of the thei"- 
mo-expandable microspheres (non-expanded portiori so 
6a), thus the substance 7 adhered to the portion of the 
pressure-sensitive adhesive sheet remains to be ad- 
hered to the sheet, in addition, the heating portion 8a 
may be provided on the side to which the substance Is 
adhered or on the opposite side thereto and, further, the ss 
heating portion 8a may be provided on both sides to 
shorten the heating time. Further, It is possible to three- 
dimensionally movabiy provide the heating portion 8a to 
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selectively and effectively heat the pressure-sensitive 
adhesive sheet. 

[0056] Fig 4. Is an outline cross-sectional view show- 
ing other example of the method of the Invention for ther- 
mally releasing an adherend and an apparatus for ther^ 
mally releasing an adherend. 
[0057] In Fig. 4 Is shown a step wherein an adherend 
7 adhered to a thennaliy releasable pressure-^sensitive 
adhesive sheet constituted by a base materiall 0, a ther- 
mally expandable pressure-sensitive adhesive layer.6 . 
and an adhesive layer 12 for fixing the sheet to a ped--^ 
estal Is cut Into a plurality of pieces by a cutting unit, th^"' 
pressure-sensitive adhesive sheet Is partly heated by a : 
heating unit 8 at a portion to which a cut piece 7a to be " 
released is adhered among a plurality of the cut pieces, 
and the cut piece 7a is released and recovered by 
means of a suction nozzle It. The pressure^sensitive 
adhesive sheet is fixed by adhering the adhesive layer 
12 constituting the pressure-sehsltlve adhesive sheet 
for fixing to the pedestal to the pedestal 13. In addition, 
the heating unit 8 is provided movabiy In the horizontal . 
direction and/or the vertical directibri. 
[0058] As the base material 1 0 and the thennaliy ex^ 
pandable pressure-sensitive adhesive layer 6 constjtut--; 
Ing the thermally releasable pressure^sensitive adhezl- 
sive sheet, those having heretofore been described mayt 
be used. A rubbery organic elastic layer may be prbyjd- 
ed between the base material 10 and the thennaliy exrk 
pandable pressure-sensitive adhesive layer 6. The ad-, 
hesive layer 12 for fixing the sheet to the pedestal may; 
be fonned by using a conventional or known pressure^- . 
sensitive adhesive and, as the pressure-sensitive adhie-^ 
sive, those which haye been illustrated with respect.to;'^ 
the rubbery organic elastic layer may be used. 
[0059] As the cutting unit, a proper one may be se- ; 
lected depending upon the kind of the adherend 7. For 
example, in the case of using as the adherend an elec-. ; 
tronlc part having a substrate of silicon wafer, rt js posr 
sibletosubjectthe part adhered to and fixed on the ther- 
mally releasable pressure-sensitive adhesive sheet to . 
a cutting processing such as dicing processing. 
[0060] As the heating unit 8, the aforesaid heating unit 
may be utilized. 

[0061] As the fixing unit, a fixing system using a ped- 
estal is employed in this example. As a method for fixing 
to the pedestal, there may be employed a method of us- 
ing a thermally releasable pressure-sensitive adhesive 
sheet having an adhesive layer for adhering to the ped- 
estal on the opposite side to the thermally expandable : 
pressure-sensitive adhesive layer with respect to the 
base material of the thermally releasable pressure-sen- 
sitive adhesive sheet, and fixing to the pedestal through 
the pressure-sensitive adhesive layer for fixing to the 
pedestal. In addition, as other fixing system, there may 
be employed a fixing system using vacuum suction. In 
this case, the pressure-sensitive adhesive layer for ad- 
hering to the pedestal is not necessary. 
[0062] The heating portion 8a of the heating unit 8 Is 
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made in conformity witli the shape of the cut piece 7a - 
to be released. The heating unit 8 fs provided only on 
the side to which the adherend is adhered. 
[0063] in the above-described example, positional 
deviation can effectively be prevented during process- 5 
Ing otthe part by fixing the thennally reieasable pres-' 
sure-sensitive adhesive sheet to the pedestal and, after 
the processing, only desired substance can be released 
by selectively heating In the same manner as described 
above. In addition, in the case of fixing to the pedestal, 10 
the heating portion. 8a can be provided oniy on the side 
to which the substance Is adhered, and It Is possible to > 
three-dimenslonally movabiy provide the heating por- • 
tion 8a to selectively and effectively heat the pressure- : : 
sensitive adhesive sheet. ./ ' ^5 

[0064] Therefore, according to the invention, it is pos- . 
sible to selectively release an adherend located at only ' 
a desired position among a plurality of adherends' 
through a simple operation. Further, according to the ;. 
method of the invention, a cutting step wherein a sub- ;^ 20 
stance adhered to a pressure-sensitive adhesive sheet 
is cut into a plurality of pieces and a releasing step '* 
wherein one or some of a plurality of the cut pieces are, 
selectively released by heating with a heating portion of , . 
a shape in conformity with the shape of the cut piece ^ 25 
can be conducted continuously. . 
[0065] According to the method of the invention, it Is . 
possible, upon releasing adherends from athemriaily re- 
leasable pressure-sensitive adhesive sheet having a 
themnaiiy expandable layer containing therein themrib- 30 
expandable microspheres, to release only one or some 
of a plurality of the adherends with ease and a good ac- 
curacy, while the rest of the adherends remain adhered * 
to the pressure-sensitive adhesive sheet. - 
[0066] According to the thennally releasing apparatus 35 
of the invention, adherends having a finer structure arid 
a smaller thickness can be held without release during 
processing and, after the processing, only desired one 
or some of a plurality of the adherend4s can be released 
with ease and a good accuracy, thus such failure as 6e^ 40 
viation of parts being suppressed, and reduction in pro- ' 
ductivlty or yield being prevented. 
[0067] The invention is described in more detail by ret-, 
erence to Examples whteh, however, do not limit the in- 
vention In anyway. 4S 

Example 1 

[0068] The following is an example utilizing the meth- 
od of the invention for themially releasing an adherend so 
and an apparatus for themialiy releasing an adherend 
as shown in Fig. 3. 

[0069] A 1 50 mm X 1 50 mm Ni foil (1 00 pjn thick) was 
adhered to a thermally expandable pressure-sensitive 
adhesive layer of a thennally releasable pressure-sen- 55 
sitlve adhesive sheet (fixed by means of a fixing ring) 
constituted by a polyester base material (1 00 thick) 
and the thermally expandable pressure-sensitive adhe* 



sive layer which showed a reduced adhesion at 120 ''C, 
followed by dicing the Ni foil Into pieces 5 mnn square. 
As a heating portion, a heating unit comprising a 5 mm 
X 5 mm X 2 mm (thick) metal plate (SUS304) and a heat- 
conductive rubber sheet (5 mm x 5 mm x 1 mm (thick)) 
provided at the tip of an electrothemnal heater was pre- 
pared and heated using the electrothermal heater so 
that the temperature of the rubber sheet portion (at the 
tip thereof) reached 1 50 °C. Then, the heating unit the 
tip of which was heated to 150 "C was pressed against 
the sheet at the portion to which a Nj foil piece to be 
released was adhered/among a plurality of the NI foil, 
pieces fpnned by the dicing to thereby thermally expand 
the thennally expandable pressure-sensitive adhesive 
layer. After adhesion force of the thermally expandable 
pressure-rsensitlve adhesive layer was reduced to al- 
most zero, the Ni foil piece was released by a suction 
nozzle/Thereafter; an Impact was forcibly applied to the 
rest of the NI foil pieces still adhered on the pressure- 
sensitive adhesive tape at noh-heated areas, but no re- 
lease of the Ni foil pieces was found. 

Example 2 

[OO7O] The following is an example utilizing the methr 
od of the Invention for thermally releasing an adherend, 
and an apparatus for thermally releasing an adherenci 
as shown In Fig. 4. ' 
[0071 ] A silicon wafer of 6 inches in diameter (1 50 ^m 
thick) was adhered onto the thennally expandable pres- 
sure-sensitive adhesive layer of a thennaliy releasable; 
pressure^sensitlve adhesive sheet [trade name 
"Revalpha No. 3195"; nriade by Nitto Denko Corpora-/ 
tion] with no air bubbles, and the adhesive side (the ad-\ 
hesive side for fixing to a pedestal) opposite to the wa- 
fer-adhered side of the pressure-sensitive adhesive 
sheet was adhered to a srhooth, stainless steel-made 
pedestal, followed by dicing the wafer into 3-mm square 
pieces. As a heating pori:ion, a heating unit corhprising 
a 3 mm x 3 nrim x 2 mm (thick) metal plate (SUS304) 
and a heat-conductive rubber sheet (3 mm x 3 mm x 1 
mm (thicl<)) provided at the tip of an electrothemial heat- 
er was prepared and heated using the electrothennal 
heater so that the temperature of the rubber sheet por- 
tion (at the tip thereof) reached 1 20''C. Then, the heat- 
ing unit the tip of which was heated to 120 "C was 
pressed againstthe sheet at the portion to which a wafer 
piece to be released was adhered among a plurality of 
the wafer pieces fomried by the dicing to thereby ther- 
mally expand the thennally expandable pressure-sen- 
sitive adhesive layer. After adhesion force of the ther- 
mally expandable fsressure-sensltive adhesive layer 
was reduced to almost zero, the wafer piece was re- 
leasedby a suction nozzle. Thereafter, an impact was 
forcibly applied to the rest of the wafer pieces still ad- 
hered on the pressure-sensitive adhesive tape at non- 
heated areas, but no release of the wafer pieces was 
found. 
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Comparative Example 1 

[0072] In Example 1 , heating was conducted all oyer 
, the pressure-sensitive adhesive sheet to which a plural- 
ily of the Ni foil diced pieces were adhered, and Ni foil 5 
pieces to be released among the diced pieces were re- 
leased by a suction nozzle. Thereafter, an impact was 
forcibly applied to the rest of the Ni foil pieces stlH ad- 
.hered on the pressure-sensitive adhesive tape; and 
there was found release or positional deyiatlon of the Ni ,io 
foil diced pieces. ^ . ;V>; 
.[0073] This application is based on Japanese patent • 
application JP 2001-1 28357, filed April 25, 2001 , the en- . . 
tire content of which is hereby incorporated by r6f^r^ V \. 
ence, the same as if set forth at length. - ' 1^ 



Claims 

1. A rnethod for thermally releasing an adherenci, 20 
which comprises selectively releasing a piiiraiity of. , 
adherends adhered on a thennally releasabie pres- 
sure-sensitive adhesive sheet, the pressure-sensi- " 
tive adhesive sheet comprising a thermally expand- 
able layer containing thermo-expjandalple mlcror ' 
spheres, by partly heating the pressure-sensitives, 
adhesive sheet. 

2. The method as described in claim 1, wherein the 
selective release is conducted by heating an ad- .30] 
hered portion of the at least one adherend to be re- 
leased, with a heating unit having a heating portion, 
in which the heating portion has a shape; corre-* 
spending to'that of the at least one adherend to be-^ 
released. ?^ 

3. The method as described in claim 1, wlierein at 
least one of the adherend-adhered side and the op- 
posite side thereto of the pressure-sensitive adhe- 
sive sheet is subjected to the heating, . . ^0 

4. The method as described in claim 1, wherein the. 
pressure-sensitive adhesive sheet further compris- 
es a rubbery organic elastic layer. 

. 45 

5. A method for thermally releasing an adherend, 
which comprises the steps of: 

cutting an adherend adhered to a thennally re- 
leasable pressure-sensitive adhesive sheet, in- 
to a plurality of cut pieces, the pressure sensi- 
tive adhesive sheet comprising a thennally ex- 
pandable layer containing thenno-expandable 
microspheres; and 
selectively releasing the cut pieces by partly ss 
heating the plurality of cut pieces with a heating 
unit for partly heating the pressure-sensitive 
adhesive sheet. 



so 



6. The method as described in claim 5, wherein the 
pressure-sensitive adhesive sheet further compris- 
es a rubbery organic elastic layer. 

7. An apparatus for thennally releasing part of a plu- 
rality of adiierends from a thennally releasabie 
pressure-sensitive adhesive sheet, the pressuV^ 
sensitive adhesive sheet comprising a thermally ex- 
pandable layer containing thermoTexpandabte rni- 
crospheres, which comprises: 

a fixing unit for fixing the pressure-rsensitlve ad- 
hesive. sheet; and V- \ 
a heating unit for partly heatirig the pressure-; 
sensitive adhesive sheet to selectively release 
the plurality of the adherends from the pres^ 
sure-^sensitive adhesive sheet. 

. ■ ■ •' ■} ' 

8. The apparatus as described In claim 7, wherein the 
heating unit includes a heating portion having a 
shape in confonnity with the shape of each of the 
adherends to be released. 

. 9. The apparatus as described in claim 7, wherein the 
heating unit Including the heating portion is provid- 
ed at least on. one of an adherends-adhered side 
and an opposite side thereto of the pressure-sensi- 
tive adhesive sheet. 

10. The apparatus as described In claim 7, wlierein the 
fixing unit for fixing the pressure-sensitive adhesive 
sheet is movable In at least one of horizontal and 
vertical directions of the pressure-adhesive sheety 

11 . The apparatus as described in claim 7, whereiri the 
heating unit for partly heating the press u re-sens 1^ 
tive adhesive sheet is movable In at least one of hor- 
izontal and vertical directions of the pressure-adhe- 7 
sive sheet. 

12. An apparatus for thermally releasing cut pieces of 
an adherend, which comprises: 

a fixing unit for fixing a thennally releasabie 
pressure-sensitive adhesive sheet comprising 
a thermally expandable layer containing ther- 
mo-expandable microspheres; 
a cutting unit for cutting an adherend adhered 
on the pressure-sensitive adhesive sheet so as " 
to fomri a plurality of cut pieces; and 
a heating unit for partly heating the pressure- 
sensitive adhesive sheet to selectively release 
the plurality of the cut pieces from the pressure- 
sensitive adhesive sheet. 
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